WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 
A61K 41/00 



Al 



(11) International Publication Number: WO 99/21583 

(43) International Publication Date: 6 May 1999 (06.05.99) 



(21) International Application Number: PCT/US98/22284 

(22) International Filing Date: 2i October 1998 (21.10.98) 



(30) Priority Data: 

60/063,681 



29 October 1997 (29.10.97) 



US 



(71) Applicant (for all designated States except US): 

WARNER-LAMBERT COMPANY fUS/US]; 201 
Tabor Road, Morris Plains, NJ 07950 (US). 

(72) Inventor; and 

(75) Inventor/Applicant (for US only): SUN, Yi [CN/US]; 4841 
Hillway Court, Ann Arbor, MI 48105 (US). 

(74) Agents: RYAN, M„ Andrea; Warner-Lambert Company, 201 
Tabor Road, Morris Plains, NJ 07950 (US) et al. 



(81) Designated States: AL. AU, BA, BB, BG, BR, CA, CN, CU, 
CZ, EE, GE, HR, HU, ID, IL, IS, JP, KP, KR, LC, LK, 
LR, LT, LV, MG, MK, MN, MX, NO, NZ, PL, RO, SG, 
SI, SK, SL, TR, TT, UA, US, UZ, VN, YU, ARIPO patent 
(GH, GM, KE, LS, MW, SD, SZ, UG, ZW), Eurasian patent 
(AM, AZ, BY, KG, KZ ( MD, RU, TJ, TM), European patent 
(AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, 
LU, MC, NL, PT, SE), OAPI patent (BF, BJ, CF, CG, CI, 
CM, GA, GN, GW, ML, MR, NE, SN, TD, TG). 



Published 

With international search report. 



(54) Title: METHOD OF INHIBITING METASTASES OF CANCER CELLS 
(57) Abstract 



The present invention relates to a method of inhibiting the metastases of cancer cells using a combination of radiation therapy and a 
matrix metalloproteinase-2 inhibitor, or a combination of a chemotherapeutic agent and a matrix metalloproteinase-2 inhibitor. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front 



AL 


Albania 


es 


Spain 


AM 


Armenia 


FI 


Finland 


AT 


Austria 


FR 


France 


AU 


Australia 


GA 


Gabon 


AZ 


Azerbaijan 


GB 


United Kingdom 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


BB 


Barbados 


GH 


Ghana 


BE 


Belgium 


GN 


Guinea 


BF 


Burkina Faso 


GR 


Greece 


BG 


Bulgaria 


HU 


Hungary 


BJ 


Benin 


IE 


Ireland 


BR 


Brazil 


IL 


Israel 


BY 


Belarus 


IS 


Iceland 


CA 


Canada 


IT 


Italy 


CF 


Central African Republic 


JP 


Japan 


CC 


Congo 


KE 


Kenya 


CH 


Switzerland 


KG 


Kyrgyzstan 


CI 


Cdte d' [voire 


KP 


Democratic People*. 


CM 


Cameroon 




Republic of Korea 


CN 


China 


KR 


Republic of Korea 


CU 


Cuba 


KZ 


Kazakstan 


CZ 


Czech Republic 


LC 


Saint Lucia 


DE 


Germany 


LI 


Liechtenstein 


DK 


Denmark 


LK 


Sri Lanka 


EE 


Estonia 


LR 


Liberia 



of pamphlets publishing international applications under the PCT. 



LS 


Lesotho 


SI 


Slovenia 


LT 


Lithuania 


SK 


Slovakia 


LU 


Luxembourg 


SN 


Senegal 


LV 


Latvia 


sz 


Swaziland 


MC 


Monaco 


TD 


Chad 


MD 


Republic of Moldova 


TG 


Togo 


MG 


Madagascar 


TJ 


Tajikistan 


MK 


The former Yugoslav 


TM 


Turkmenistan 




Republic of Macedonia 


TR 


Turkey 


ML 


Mali 


TT 


Trinidad and Tobago 


MN 


Mongolia 


UA 


Ukraine 


MR 


Mauritania 


UG 


Uganda 


MW 


Malawi 


us 


United States of America 


MX 


Mexico 


uz 


Uzbekistan 


NE 


Niger 


VN 


Viet Nam 


NL 


Netherlands 


YU 


Yugoslavia 


NO 


Norway 


zw 


Zimbabwe 


NZ 


New Zealand 






PL 


Poland 






PT 


Portugal 






RO 


Romania 






RU 


Russian Federation 






SD 


Sudan 






SK 


Sweden 






SG 


Singapore 







WO 99/21583 



PCT/US98/22284 



-1- 

METHOD OF INHIBITING METASTASES OF CANCER CELLS 



FIELD OF THE INVENTION 

This invention relates to a method of inhibiting the metastases of cancer 
cells using a combination of radiation therapy and a matrix metalloproteinase-2 
5 inhibitor, or a combination of a chemotherapeutic agent and a matrix 

metalloproteinase-2 inhibitor. 



BACKGROUND OF THE INVENTION 

Metastases of cancer cells are a main cause of mortality and treatment 
failure in cancer patients. Biologically, metastasis is a complex process that can be 

10 largely considered as comprising 3 phases: (a) detachment of tumor cells from a 

tumor, penetration of the detached cells through basement membrance, and 
invasion of the cells into blood or lymphatic vessels; (b) travel of the detached 
cells in the circulation to distant sites in the body; and (c) penetration of the cells 
through vessel walls and other tissue barriers, and growth of the cells at a new site 

15 in the body. 

Matrix metalloproteinases (MMPs) play a role in metastases of cancer 
cells. MMPs are a family of proteins of that act to degrade extracellular matrix, 
which is a main component of basement membrance. Matrix metalloproteinase-2 
(MMP-2) is found in many tissues and tumor cells. MMP-2 degrades type IV 

20 collagen and fibronectins. 

In particular, the expression of human MMP-2, also known as 
Gelatinase A or type IV collagenase, is upregulated by p53, which is the protein 
expressed by the p53 tumor suppressor gene. We have recently discovered that 
MMP-2 is upregulated by wildtype p53, but not mutant p53. In about 50% of 

25 human cancers, p53 mutations have occurred that attenuate or inhibit the ability of 

p53 to regulate MMP-2 activity. In the other 50% of human cancers that have 
wildtype p53, p53 promotes tumor metastases by increasing MMP-2 expression. It 
is well-known that p53 can be induced by radiation and chemotherapeutic drugs 
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(Kastan MB, Canman CE, Leonard CJ, p53, cell cycle control, and apoptosis: 
implications for cancer. Cancer metastasis Rev 1995;14:3-15). Therefore, in 
situations where p53 is induced, such as when a patient is treated with a DNA 
damaging chemotherapeutic agent or radiation, MMP-2 expression is increased, 

5 which in turn promotes metastases. In other words, in tumors having wildtype 
p53, but not those with mutant p53, radiation promotes metastases through the 
induction of p53, followed by increased expression of MMP-2. Indeed, in patients 
with nasopharyngeal carcinoma, a cancer where p53 mutation is a rare event, 
radiation therapy has induced a high rate of metastases. 

10 Therefore, for patients whose tumors contains wildtype p53, chemotherapy 

and/or radiation therapy should be given in combination with a MMP-2 inhibitors 
to prevent or attenuate the metastases of cancer cells. 

SUMMARY OF THE INVENTION 

The present invention provides a method of inhibiting the metastases of 
15 cancer cells in a patient having cancer in which wildtype p53 is predominantly 

expressed, the method comprising administering to a patient having cancer a 
therapeutically effective amount of a matrix metalloproteinase-2 inhibitor in 
combination with a therapeutically effective amount of x-ray or gamma radiation. 
In a preferred embodiment, the radiation is x-ray radiation. 
20 In another preferred embodiment, the radiation is gamma radiation. 

In another preferred embodiment, the MMP-2 inhibitor is administered to 
the patient prior to exposure to the radiation. 

In another preferred embodiment, the MMP-2 inhibitor is administered to 
the patient concurrently with the radiation. 
25 Also provided is a method of inhibiting the metastases of cancer cells in a 

patient having cancer, the method comprising administering to a patient having 
cancer in which wildtype p53 is predominantly expressed, a therapeutically 
effective amount of a MMP-2 inhibitor in combination with at least one additional 
chemotherapeutic agent. 
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In a preferred embodiment, the MMP-2 inhibitor is administered to the 
patient prior to the administration of the chemotherapeutic agent. 

In another preferred embodiment, the MMP-2 inhibitor is administered to 
the patient concurrently with the chemotherapeutic agent. 

5 DETAILED DESCRIPTION OF THE INVENTION 

The present invention provides a method of inhibiting the metastases of 
cancer cells in a patent having cancer in which wildtype p53 is predominantly 
expressed t the method comprising administering to a patient having cancer a 
therapeutically effective amount of a matrix metailoproteinase-2 inhibitor in 
10 combination with a therapeutically effective amount of x-ray or gamma radiation. 
As used herein the term "metastases" means the process by which 
cancerous cells moves from one location in an organism to another. 

Whether a cancer expresses wildtype p53 can be determined by detection 
of the wildtype p53 gene in human cancer tissues. In general, there are two 
1 5 commonly used methods to determine if wildtype or mutant p53 is present in 
human cancer tissues. 

The first method involves immunohistochemical staining for the p53 
protein. This method is known and set forth by Sheu L., Chen A., Tseng H., 
Leu F., Lin J., Ho K., Meng C, "Assessment of pfp Expression in 
20 Nasopharyngeal Carcinoma", Human Pathology 1995;26:380-6. Specifically, 
sections 4 |im thick were cut from the formalin-fixed, paraffin-embedded 
specimens and placed on gelatin-coated slides. After being heated at 65°C for 
60 minutes, the tissue sections were deparaffmized in xylene for 5 minutes, three 
times each. The sections were rehydrated in graded alcohol and rinsed in Tris- 
25 Buffered Saline (TBS). Normal rabbit serum (diluted as 1 :5 in TBS) was used as a 
blocking reagent. The sections were incubated with the wildtype p53-specific 
monoclonal antibody (pAbl620, Oncogene SciehSe) for 90 minutes followed by 
biotin-Iabeled rabbit immunoglobulin antimouse (Dako) and streptavidin-biotin 
complex linked to alkaline phosphatase (Dako). Slides were washed in TBS three 
30 times for 5 minutes each time. The color was developed in naphthol phosphate- 
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new solution (Dako) after which the slides were slightly counterstained with 
hematoxylin and mounted. 

Another procedure for determining the presence of wildtype p53 in a 
cancer involves single strand conformation polymorphism (SSCP), and 
5 polymerase chain reaction (PCR)-direct sequencing for p53 mutation. Most p53 
mutations (95%) found in human cancers are clustered in the center of p53 
molecule (DNA binding domain) encoded by exons 5 to 9. The lack of p53 
mutations in this region will indicate the wildtype p53 status in the tissue tested. 
Since the human p53 gene sequence is available, primers can be designed to flank 
10 each exon and polymerase-chain reaction will be performed to amplify each exon. 
SSCP analysis consists of 2 steps: (1) PCR amplification in a total volume of 
12.5 |iL in the presence of 35S-dATP (Amersham). The reaction mixture (for 
30 reactions) consists of 1. 125 |HL of dATP (10 mM); 7.5 \lL of each of 10 mM 
dGTP, dTTP, and dCTP; 37.5 \iL of 10X PCR buffer 22.5 of each primer 
15 (20 pmol/^L); 4.5 mL a-35S-dATP; 4.5 nL Taq polymerase (Perkin Elmer); and 

1 10 \iL dH2°- The reaction mixture (7.5 fxL) was then aliquoted into each tube 
containing 5 \iL of template DNA (20 ng/^L). PCR amplification was performed 
for 35 cycles at 95°C (30 seconds), 60°C (30 seconds), 72°C (1 minute), and 
finally for 10 minutes extension at 72°C. After PCR, 6 |lL of stop buffer (USB 
20 sequencing kit) was added. The amplified fragment was denatured at 98°C for 

5 minutes and loaded onto MDE (Hydrolinkgel by AT Biochem, Malvern, PA) 
containing 10% glycerol and run for 15 hours at 10W. The gel was then dried and 
exposed to x-ray film for 1 to 2 days. Using human placenta DNA as a positive 
control, any shifted band in the gel will indicate a p53 mutation. To define the 
25 mutated codon, PCR-direct sequencing can be performed as described in the 

following publications. 

See, for example, Sun Y., Hegamyer G., Colburn N.H., "A Simple Method 
Using PCR for Direct Sequencing of Genomic DNA From Frozen Tumor Tissue 
Embedded in Optimal Cutting Temperature Compound," BioTechniques 
30 1992;12:639-640; Sun Y., Hegamyer G., Colburn N.H., "PCR-Direct Sequencing 

of a GC-Rich Region by Inclusion of 10% DMSO: Application to Mouse c-jun," 
BioTechniques 1993;15:372-374 which are hereby incorporated by reference. 
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The phrase "predominantly expressed" with regard to p53 means that more 
wildtype p53 is expressed than mutant p53. 

Cancers that can be treated using the combination therapy disclosed herein 
are cancers in which wildtype p53 is predominantly expressed. Examples of 
5 specific cancers that can be treated include, but are not limited to, endometrial, 
prostate, pancreatic, lung, breast, head, neck, ovarian, gastric, bladder, cervical, 
colorectal, brain, esophageal, and nasopharyngeal cancer. 

The MMP inhibitor of the present invention is a selective MMP-2 
inhibitor. A selective MMP-2 inhibitor inhibits MMP-2 to a greater degree than it 
10 inhibits any other known MMP inhibitor. Preferably, the MMP-2 inhibitor inhibits 
MMP-2 two-fold more than it inhibits any other known MMP. More preferably, 
the MMP-2 inhibitor inhibits MMP-2 ten-fold more than any other MMP. 
Selective MMP-2 inhibitors may be determined by those skilled in the art by 
comparing the IC50S of a compound for the various known MMPs. The 
15 procedures for determining MMP inhibition for each known MMP are well- 

known to those skilled in the art. The known MMPs are MMP-1 (interstitial 
collagenase), MMP-8 (neutrophil collagenase), MMP- 13 (collegenase-3), MMP-3 
(stromelysin-1), MMP-10 (stromelysin-2), MMP-7 (matrilysin), MMP-1 1 
(stromelysin-3), MMP-9 (gelatinase-B), MMP-12 (metalloelastase), and MMP-14 
20 (MT-MMP). 

Examples of known MMP-2 inhibitors include: 

[ { 4-N-hydroxyamino } -2R-isobutyl-3S- { thienyl-thiomethyl } succinyl]-L- 
phenylalanine-N-methylamide; 

(S)-4-dibenzofuran-2-yl-4-oxo 
25 (S)-2-(dibenzofuran-3-sulfonylamino)-3-methyl-butyric acid; and 

4-Hydroxyimino-4-(4 / -methyl-biphenyl-4-yl)-butyric acid. 

Other MMP-2 selective MMP inhibitors are known. (See, for example, 
Tamura Y. et aL, J. Med. Chem. , 1998;41:640-649 and Porter J. et al., Bioorganic 
& Medicinal Chemistry Letters , 1994;4(23):2741-2746, which are both hereby 
30 incorporated by reference.) 

The administration of radiation to a patient having cancer is well-known in 
the art. The present invention concerns the administration of a combination of 
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radiation and a MMP-2 inhibitor. The MMP-2 inhibitor should be administered to 
the patient so that inhibition of MMP-2 is occurring while radiation is being 
administered. Thus, it may be necessary to administer the MMP-2 inhibitor prior 
to exposure with radiation. One skilled in the art will readily be able to determine 
5 the time and amount of administration of the MMP-2 inhibitor by consulting the 

pharmacokinetic and pharmacodynamic profiles of the particular MMP-2 
inhibitor. In addition, the MMP-2 inhibitor can be administered during radiation 
therapy as well as for a period after radiation therapy. The goal of the 
administration of the MMP-2 inhibitor is to provide for the inhibition of MMP-2 
10 while radiation is occurring. Typically, the radiation is x-ray or gamma radiation. 
Those skilled in the art are familiar with radiation therapy for cancer and will 
readily be able to deliver such therapy. 

Similarly, when an MMP-2 inhibitor is administered in combination with 
at least one additional chemotherapeutic agent, the MMP-2 inhibitor may be 
15 administered before the administration of the additional chemotherapeutic agents. 
Again, it is important that the MMP-2 inhibitor is administered such that MMP-2 
is inhibited while the additional chemotherapeutic agents are being administered. 
In addition to being administered prior to the additional chemotherapeutic agents, 
the MMP-2 inhibitor can also be administered during the administration of the 
20 additional chemotherapeutic agents, and administration of the MMP-2 inhibitor 

can be continued after the cessation of administration of the additional 
chemotherapeutic agents. As in the case of a combination of radiation therapy and 
a MMP-2 inhibitor, those skilled in the art can readily determine the dosage and 
time of administration required from the pharmacokinetic and pharmacodynamic 
25 profile of the particular MMP-2 inhibitor. 

The additional chemotherapeutic agents that can be use in combination 
with a MMP-2 inhibitor include any chemotherapeutic agents used by those 
skilled in the art for the treatment of cancer. Examples of such chemotherapeutic 
agents include, but are not limited to the following: 
30 Antimetabolites 

folate antagonists 

methotrexate 
trimetrexate 



1 
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pyrimidine antagonists 
fluorouracil 
fluorodeoxyuridine 
CB3717 

5 azacitidine 
purine antagonists 

mercaptopurine 

thioguanine 

tiazofurin 

1 o chlorodeoxy adenosine 

pentostatin 
sugar modified analogs 
cytarabine 
fludarabine 

15 ribonucleotide reductase inhibitors 

hydroxyurea 
Covalent DNA Binding Drugs 
nitrogen mustards 
aziridines 
20 alkane sulfonates 

nitrosourea 
platinum compounds 
monoalkylating agents, 
Noncovalent DNA Binding Drugs 
25 Anthracyclines 

daunorubicin 
doxorubicin 
idarubicin 
mitoxantrone 
30 dactinomycin 
bleomycin 
plicamycin 



WO 99/21583 



PCIYUS98/22284 



-8- 

Inhibitors of Chromatin Function 

topoisomerase inhibitors 

epipodophyllotoxins 

etoposide 

teniposide 
amsacrine 
camptothecin 
microtubule inhibitors 
vinca alkaloids 

vinblastine 

vincristine 

vindesine 

taxol 

Drug Affecting Endocrine Function 
glucocorticoids 
estrogens 
antiestrogens 
progestins 
androgens 
antiandrogens 
LHRH (GnRH) antagonists 
aromatase inhibitors 
adrenocortical suppressors 

A therapeutically effective amount is an amount of a MMP-2 inhibitor, that 
in combination with radiation or an additional chemotherapeutic agent inhibits or 
ameliorates the metastases of cancer cells. 

The MMP-2 inhibitors and additional chemotherapeutic agents of the 
present invention can be administered to a patient either alone or a part of a 
pharmaceutical composition. The compositions can be administered to patients 
either orally, rectal, parenterally (intravenously, intramuscularly, or 
subcutaneously), intracisternally, intravaginally, intraperitoneally, intravesically, 
locally (powders, ointments, or drops), or as a buccal or nasal spray. 
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Compositions suitable for parenteral injection may comprise 
physiologically acceptable sterile aqueous or nonaqueous solutions, dispersions, 
suspensions or emulsions, and sterile powders for reconstitution into sterile 
injectable solutions or dispersions. Examples of suitable aqueous and nonaqueous 
5 carriers, diluents, solvents or vehicles include water, ethanol, polyols 

(propyleneglycol, polyethyleneglycol, glycerol, and the like), suitable mixtures 
thereof, vegetable oils (such as olive oil), and injectable organic esters such as 
ethyl oleate. Proper fluidity can be maintained, for example, by the use of a 
coating such as lecithin, by the maintenance of the required particle size in the 
10 case of dispersions and by the use of surfactants. 

These compositions may also contain adjuvants such as preserving, 
wetting, emulsifying, and dispensing agents. Prevention of the action of 
microorganisms can be ensured by various antibacterial and antifungal agents, for 
example, parabens, chlorobutanol, phenol, sorbic acid, and the like. It may also be 
15 desirable to include isotonic agents, for example sugars, sodium chloride, and the 

like. Prolonged absorption of the injectable pharmaceutical form can be brought 
about by the use of agents delaying absorption, for example, aluminum 
monostearate and gelatin. 

Solid dosage forms for oral administration include capsules, tablets, pills, 
20 powders, and granules. In such solid dosage forms, the active compound is 

admixed with at least one inert customary excipient (or carrier) such as sodium 
citrate or dicalcium phosphate or (a) fillers or extenders, as for example, starches, 
lactose, sucrose, glucose, mannitol, and silicic acid, (b) binders, as for example, 
carboxymethylcellulose, alginates, gelatin, polyvinylpyrrolidone, sucrose, and 
25 acacia, (c) humectants, as for example, glycerol, (d) disintegrating agents, as for 

example, agar-agar, calcium carbonate, potato or tapioca starch, alginic acid, 
certain complex silicates, and sodium carbonate, (e) solution retarders, as for 
example paraffin, (f) absorption accelerators, as for example, quaternary 
ammonium compounds, (g) wetting agents, as for example, cetyl alcohol, and 
30 glycerol monostearate, (h) adsorbents, as for example, kaolin and bentonite, and 
(i) lubricants, as for example, talc, calcium stearate, magnesium stearate, solid 
polyethylene glycols, sodium lauryl sulfate, or mixtures thereof. In the case of 
capsules, tablets, and pills, the dosage forms may also comprise buffering agents. 
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Solid compositions of a similar type may also be employed as fillers in 
soft and hard-filled gelatin capsules using such excipients as lactose or milk sugar 
as well as high molecular weight polyethyleneglycols, and the like. 

Solid dosage forms such as tablets, dragees, capsules, pills, and granules 
can be prepared with coatings and shells, such as enteric coatings and others well- 
known in the art. They may contain opacifying agents, and can also be of such 
composition that they release the active compound or compounds in a certain part 
of the intestinal tract in a delayed manner. Examples of embedding compositions 
which can be used are polymeric substances and waxes. The active compounds 
can also be in micro-encapsulated form, if appropriate, with one or more of the 
above-mentioned excipients. 

Liquid dosage forms for oral administration include pharmaceutically 
acceptable emulsions, solutions, suspensions, syrups, and elixirs. In addition to the 
active compounds, the liquid dosage forms may contain inert diluents commonly 
used in the art, such as water or other solvents, solubilizing agents and emulsifiers, 
as for example, ethyl alcohol, isopropyl alcohol, ethyl carbonate, ethyl acetate, 
benzyl alcohol, benzyl benzoate, propyleneglycol, 1,3-butyleneglycol, 
dimethylformamide, oils, in particular, cottonseed oil, groundnut oil, corn germ 
oil, olive oil, castor oil and sesame oil, glycerol, tetrahydrofurfiiryl alcohol, 
polyethyleneglycols and fatty acid esters of sorbitan or mixtures of these 
substances, and the like. 

Besides such inert diluents, the composition can also include adjuvants, 
such as wetting agents, emulsifying and suspending agents, sweetening, flavoring, 
and perfuming agents. 

Suspensions, in addition to the active compounds, may contain suspending 
agents, as for example, ethoxylated isostearyl alcohols, polyoxyethylene sorbitol 
and sorbitan esters, microcrystalline cellulose, aluminum metahydroxide, 
bentonite, agar-agar and tragacanth, or mixtures of these substances, and the like. 

Compositions for rectal administrations are preferably suppositories which 
can be prepared by mixing the compounds of the present invention with suitable 
non-irritating excipients or carriers such as cocoa butter, polyethyleneglycol or a 
suppository wax, which are solid at ordinary temperatures but liquid at body 
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temperature and therefore, melt in the rectum or vaginal cavity and release the 
active component. 

Dosage forms for topical administration of a compound of this invention 
include ointments, powders, sprays, and inhalants. The active component is 
admixed under sterile conditions with a physiologically acceptable carrier and any 
preservatives, buffers, or propellants as may be required. Ophthalmic 
formulations, eye ointments, powders, and solutions are also contemplated as 
being within the scope of this invention. 

The MMP-2 inhibitors and additional chemotherapeutic agents can be 
administered as pharmaceutically acceptable salts, esters, amides, or prodrugs. 
The term "pharmaceutically acceptable salts, esters, amides, and prodrugs" as 
used herein refers to those carboxylate salts, amino acid addition salts, esters, 
amides, and prodrugs of the compounds of the present invention which are, within 
the scope of sound medical judgment, suitable for use in contact with the tissues 
of patients without undue toxicity, irritation, allergic response, and the like, 
commensurate with a reasonable benefit/risk ratio, and effective for their intended 
use, as well as the zwitterionic forms, where possible, of the compounds of the 
invention. The term "salts" refers to the relatively nontoxic, inorganic and organic 
acid addition salts of compounds of the present invention. These salts can be 
prepared in situ during the final isolation and purification of the compounds or by 
separately reacting the purified compound in its free base form with a suitable 
organic or inorganic acid and isolating the salt thus formed. Representative salts 
include the hydrobromide, hydrochloride, sulfate, bisulfate, nitrate, acetate, 
oxalate, valerate, oleate, palmitate, stearate, laurate, borate, benzoate, lactate, 
phosphate, tosylate, citrate, maleate, fumarate, succinate, tartrate, naphthylate 
mesylate, glucoheptonate, lactobionate and laurylsulphonate salts, and the like. 
These may include cations based on the alkali and alkaline earth metals, such as 
sodium, lithium, potassium, calcium, magnesium, and the like, as well as nontoxic 
ammonium, quaternary ammonium and amine cations including, but not limited to 
ammonium, tetramethylammonium, tetraethylammonium, methylamine, 
dimethylamine, trimethylamine, triethylamine, ethylamine, and the like. (See, for 
example, S. M. Berge, et al., "Pharmaceutical Salts," J. Pharm. Sci., 1977;66:1-19 
which is incorporated herein by reference.) 
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Examples of pharmaceutical^ acceptable, non-toxic esters of the 
compounds of this invention include Cj-Cgalkyl esters wherein the alkyl group is 
a straight or branched chain. Acceptable esters also include C5-C7cycloalkyl 
esters as well as arylalkyl esters such as, but not limited to benzyl. Cj^alkyl 
5 esters are preferred. Esters of the compounds of the present invention may be 

prepared according to conventional methods. 

Examples of pharmaceutical^ acceptable, non-toxic amides of the 
compounds of this invention include amides derived from ammonia, primary 
Cj-Csalkyl amines and secondary Ci-Cgdialkyl amines wherein the alkyl groups 
10 are straight or branched chain. In the case of secondary amines the amine may 

also be in the form of a 5- or 6-membered heterocycle containing one nitrogen 
atom. Amides derived from ammonia, Cj^alkyl primary amines, and 
Ci-C2dialkyl secondary amines are preferred. Amides of the compounds of the 
invention may be prepared according to conventional methods. 
15 The term "prodrug" refers to compounds that are rapidly transformed 

in vivo to yield the parent compound of the above formulae, for example, by 
hydrolysis in blood. A thorough discussion is provided in T. Higuchi and V. Stella, 
"Pro-drugs as Novel Delivery Systems ," Vol 14 of the A.C.S. Symposium Series, 
and in Bioreversible Carriers in Drug Design, ed. Edward B. Roche, American 
20 Pharmaceutical Association and Pergamon Press, 1987, both of which are 
incorporated herein by reference. 

In addition, the MMP-2 inhibitors or additional chemotherapeutic agents 
of the present invention can exist in unsolvated as well as solvated forms with 
pharmaceutical! y acceptable solvents such as water, ethanol, and the like. In 
25 general, the solvated forms are considered equivalent to the unsolvated forms for 

the purposes of the present invention. 

The MMP-2 inhibitors or additional chemotherapeutic agents of the 
present invention can exist in different stereoisomeric forms by virtue of the 
presence of asymmetric centers in the compounds. It is contemplated that all 
30 stereoisomeric forms of the compounds, as well as mixtures thereof including 

racemic mixtures, form part of this invention. 
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The MMP-2 inhibitors or additional chemotherapeutic agents of the 
present invention can be administered to a patient at dosage levels in the range of 
about 0.1 to about 1,000 mg per day. For a normal human adult having a body 
weight of about 70 kg, a dosage in the range of about 0.01 to about 100 mg/kg of 

5 body weight per day is preferable. The specific dosage used, however, can vary. 
For example, the dosage can depended on a numbers of factors including the 
requirements of the patient, the severity of the condition being treated, and the 
pharmacological activity of the compound being used. The determination of 
optimum dosages for a particular patient is well-known to those skilled in the art. 

10 In addition, it is intended that the present invention cover compounds 

made either using standard organic synthetic techniques, including combinatorial 
chemistry, or by biological methods, such as through metabolism. 
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CLAIMS 

What is claimed is: 

1 . A method of inhibiting the metastases of cancer cells in a patient having 
cancer in which wildtype p53 is predominantly expressed, the method 

5 comprising administering to a patient having cancer a therapeutically 

effective amount of a matrix metalloproteinase-2 inhibitor in combination 
with a therapeutically effective amount of x-ray or gamma radiation. 

2. The method of Claim 1 wherein the radiation is x-ray radiation. 

3. The method of Claim 1 wherein the radiation is gamma radiation. 

10 4. The method of Claim 1 wherein the MMP-2 inhibitor is administered to 
the patient prior to exposure to the radiation. 

5. The method of Claim 1 wherein the MMP-2 inhibitor is administered to 
the patient concurrently with the radiation. 

6. A method of inhibiting the metastases of cancer cells in a patient having 
15 cancer, the method comprising administering to a patient having cancer in 

which wildtype p53 is predominantly expressed, a therapeutically effective 
amount of a MMP-2 inhibitor in combination with at least one additional 
chemotherapeutic agent. 

7. The method of claim 6 wherein the MMP-2 inhibitor is administered to the 
20 patient prior to the administration of the chemotherapeutic agent. 

8. The method of Claim 6 wherein the MMP-2 inhibitor is administered to 
the patient concurrently with the chemotherapeutic agent. 
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